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Bermudagrass tolerates a wide range of environ- 
mental conditions including drouth, heavy irrigation, 
heavy fertilization, close and frequent mowing and ex- 
cessive traffic. Consequently, bermudagrass is widely 
used for golf turf throughout the South. Special purpose 
bermudagrasses have been developed for golf greens, 
tees and fairways. Tifdwarf and Tifgreen bermuda- 
grasses are excellent for putting greens, while Tifw ay, 
Tifgreen and common are well suited for golf tees and 
fairways. U-3 bermudagrass is the most cold-tolerant 
of the golf turf selections and is used for tees and fair- 
ways in the Texas Panhandle. Certified stock of these 
bermudagrass selections is available in Texas ; buyers 
should specify Texas Certified stock to guarantee source 
and purity of planting material. 
Common bermudagrass is the only turf variety that 
can be established from seed. All other varieties must 
be established from vegetative material. If sod is pur- 
chased, it must first be shredded into fragments (sprigs) 
consisting of roots and stems. The sprigs should be 
uniformly broadcast over the seedbed at a rate of 5 to 
10 bushels per 1,000 square feet on greens and 2 to 3 
bushels on tees and fairways. Sprigs should be broad- 
cast with a hydromulcher or other equipment, incor- 
porated lightly with a disc or top-dressed with a steri- 
lized soil mixture and watered lightly and frequently 
until they are rooted. Rolling with a heavy cultipacker 
or roller will help firm the seedbed and smooth the sur- 
face. Subsequent watering, fertilizing and mowing prac- 
tices are the keys to attaining a fast cover. 
Bermudagrasses require a high level of maintenance 
to provide desirable and attractive playing surfaces. Irri- 
gation rates and frequencies are dependent on climatic 
conditions and soil types within a specific area. Gen- 
erally, an average of one-fourth of an inch of water per 
day is required to maintain bermudagrass turf during 
summer months. The frequency of application is deter- 
mined by the storage capacity of the soil or soil mixture. 
Bermudagrasses have a high requirement for nitrogen 
fertilization. Bermudagrass greens and tees require 
from 12 to 24 pounds of nitrogen per year to maintain 
a desirable playing surface, whereas fairway turf re- 
quires much less. Nitrogen sources largely deternlirie 
the rate and frequency of applications. Mowing toler- 
ances of bermudagrass turf range from one-eighth inch 
to several inches in height and from daily to monthl! 
frequencies depending on the use of the turf. 
Putting greens should be mowed daily at 1/8 to !i 
inch to maintain a smooth uniform putting surface. 
Light, frequent, vertical mowing is required to reduce 
thatch and eliminate graininess in bermudagrass puttin; I 
greens. Periodic aerification and top-dressing with 3 / 
soil mixture are necessary to reduce thatch, allevia~e 1 
surface compaction and maintain a smooth putting sur- ~ 
face. Overseeding bermudagrass greens with a cool- 
season grass or grass mixture is required to provide a 
year-round playing surface. Maintenance of golf tees 
is similar to that of golf greens depending on qualit!. 
of turf desired. 
Maintenance of fairway turf is also similar to that 
of greens and tees, but the frequency of maintenanc~ 
operations is reduced considerably. Fairways should h~ 
mowed from 3/s to 3/4 inch depending on the grass ya- 
riety, the frequency of mowing and the quality of turf 
desired. Irrigation should be sufficient to prevent severe 
wilting without creating wet playing conditions. Fertili- 
zation rates and frequencies should be adequate to main- 
tain a green color and a dense turf without excessi\~ 
growth. Under special circumstances, aerification ant1 
vertical mowing may be necessary to alleviate compac. 
tion and remove excess thatch accumulation from 
fairways. 
Weed and other pest control practices should folio\\ 
label recommendations as stated by the manufacturer of 
the product. Specific weed, insect and disease control 
recommendations may be obtained from county agricul- 
tural agents, turf extension specialists or others knoal- 
edgeable in the diagnosis of pest problems. Positive 
identification of the specific pest is the first step to it: 
effective control. 
Bermudagrass Managemen 
~ R. L. Duble, W. G. Menn and A. C. Novosad* 
371 THERE WERE 540 GOLF COURSES IN in cool weather and brown after frost. I t  does not tol- 
I:e:as with a total of more than 7,000 golf holes erate dense shade or poor drainage and produces good- 
according to the National Golf Foundation. The amount quality turf only on liberally fertilized soil. It is rela- 
nf money spent for turf maintenance on golf courses in tively drouth resistant, but responds well to irrigation. 
Teyaz has risen dramatically in the past 20 years. The Bermudagrass is fairly resistant to diseases and insects 
rqtimated cost of turf maintenance per hole for 1952, and rather tolerant to selective herbicides. 
1962 and 1970 was $2,278, $3,307 and $4,577, respec- A number of improved varieties have been developed 
!irel!.. $35 are spent for turf usage through extensive hybridization and selec- 
maintenance of golf course turf in Texas. This may tion. Most improved varieties are sterile, or nearly so, 
110 contrasted to only 815 million in 1961, or more than 
and must be propagated vegetatively. Improved her- 
a 100-percent increase in 10 years. Construction costs 
mudagrass varieties released by the State Agricultural 
for golf holes have demonstrated even greater increases. Experiment Stations, the Crops Research Division, Agri- 
These rising costs of construction and maintenance 
cultural Research Service, U. S. Department of Agricul- 
necessitate efficient and effective management practices. ture (USDA), the U. S. Golf Association Green Section 
C u r r e ~ t  ideas and practices relating to the management (USGA) and other organizations are subject to certifi- 
bermuda~rass turf On Texas golf courses are sum- 
cation in Texas. The purchase of certified turfgrass sod 
marizecl in this report. The information and manage- 
or sprigs guarantees the buyer a pure source of planting 
ment l~ractices presented are based on research conducted 
material. In the case of common bermudagrass, the 
it Te~as A&M University from 1957 through 1972 and buyer is encouraged to purchase certijied seed. 
nre intended for use in producing higher quality golf 
turf in Texas. Common bermudagrass is the most widely used 
grass for golf course turf in Texas. It is a relatively 
BERMUDAGRASS VARIETIES coarse-textured grass but is well suited for tees and fair- 
Hermudagrass is a warm-season, sod-forming peren- ways. Common bermudagrass putting greens require 
nial that spreads by stolons and rhizomes. It is widely frequent top-dressings and vertical mowing to provide 
distributed throughout the southern part of the United 
. 
'tates and widely used for lawns, golf courses, *Respectively assistant professor and instructor, The 
Texas Agricultural Experiment Station (Department of 
fie!& and other turfgrass areas (Table 1 ) .  Common Soil and Crop Sciences), and pasture specialist, Texas 
bermudagrass, Cynodon dactylon (L.) Pers., was intro- Agricultural Extension Service (Department of Soil and Crop Sciences). 
rlocrd from Africa and is well adapted to the South where 
Mention of a trademark name or a proprietary prod- 
rainfall is sufficient and to the Southwest under irriga- uct does not a guarantee or warranty of the 
tion. It is hest adapted where the average daily tem- product by The Texas Agricultural Experiment Station 
and does not imply its approval to the exclusion of other perature is above 75" F. Bermudagrass turns off-color that also may be suitable. 
Bermudagrass varieties should be selected 
on the bas~s of appearance and maintenance 
requirements. 
an acceptable putting surface. Common can be estab- becomes very noticeable when temperatures drop in the 
lished from seed or vegetative material. Common her- fall. As a consequence, Tifdwarf takes on a purplish 
mudagrass is rapidly being replaced by the finer-textured cast that may prove objectionable to some." Tifd~varf 
varieties on golf greens. has proved to be winter hardy in areas of Texas where 
Tifgreen bermudagrass, released in 1956 at Tifton, 
is a fine-textured, vigorous hybrid that makes a dense, 
weed-resistant turf. Tifgreen (Tifton 328) is the South's 
most widely used putting green grass. It produces an 
excellent quality putting green which tolerates overseed- 
ing with cool-season grasses better than most bermuda- 
grasses. Tifgreen bermudagrass must be established 
from vegetative material. Certified planting sprigs of 
Tifgreen are available through certified producers in 
Tifgreen has been successfully grown. At Texas A811 
University's turf research laboratory, Tifdwarf has pro- 
duced a darker green and denser turf than Tifgreen. I t  
- 
also has about the same nutrient requirements as Tif. 
green but appears to be more susceptible to sod webworm 
and bermudagrass mite damage. Tifdwarf requires less 
top-dressing material than Tifgreen to produce a smooth 
putting surface. Certified planting sprigs of Tifdrrarf 
are available through certified producers in Texas. 
- 
Texas. Tifway bermudagrass, selected as Tifton 419, \\-as 
released in 1960 by the Georgia Agricultural Experiment 1 Tifdwarf bermudagrass, released in 1965 by the Station for use on fairways and tees. Tifway has an Georgia Coastal Plain Experiment Station at Tifton, is 
upright growth habit, stiff leaves and a dark green color. 
a superior grass for golf greens. Glenn W. Burton, who These characteristics make it superior for fairway use. helped develop the grass, said, "Its tiny leaves hug the Tifway does not recover from injury as fast as Tifgreen ground so closely that a number of them are never cut 
or common bermudagrass. Certified planting sprigs of by the greensmower. This characteristic helps it to tol- Tifway are available through certified producers in Texas. 
erate a 3/16-inch cutting height better than Tifgreen. 
- 
Its softer leaves and fewer seed heads also contribute to Texturf lF ,  selected as T35A, was released by The 
its superior putting quality. Tifdwarf has a darker green Texas Agricultural Experiment Station at College Sta- 
co!or than Tifgreen. Its basic purple plant color, which tion in 1957. Texturf 1 F  is a fine-textured, light green 
help; to keep it looking dark green in the summertime, grass that produces a dense turf. It is relatively free of 
TABLE 1. CHARACTERISTICS OF BERMUDAGRASS VARIETIES USED FOR PUTTING GREEN TURF IN TEXAS 
Seed head Thatch Disease 
Variety Texture Color ~roduction accumulation resistance Quol~tv' 
Sunturf Medium Very dark Few Light Poor Good 
Tiffine Fine Light Abundant Heavy Fair Fair 
Tifgreen Fine Dark Few Medium Fair Excellent 
Gene Tift Fir~e Light Abundant Medium heavy Fair Fair 
Texturf 1 F Medium Light Few Medium Poor Good 
Tifdwarf Fine Very dark Very few Medium Fair Excellent 
Common Very coarse Medium Abundant Light Poor Poor 
' ~ n  overall evaluation of bermudagrass varieties based on general appearance, density, spring recovery, putting quality and maintenance 
requirements. 
u n ~ i c l ~ t l ~  -rrtl heads and makes good spring recovery. 
Tr\turf IT: i \  iusceptible to leaf diseases and, consequent- 
I \ ,  i q  not ~rcommended along the Gulf Coast and in East 
Tr\3<. T~xti~rf 1F produces excellent quality turf on 
;elf rorirsr3s in  aleas of Central, North and West Texas 
~rllert. frriluc~~i~ \+atering is practiced. Certified planting 
q)ri:s of I ?\turf  1 F are available through certified pro- 
durrrq ill 'I't~\'i<. 
Sunturl \\as released in 1956 by Alabama, Arkansas, 
OLlahoma arltl South Carolina agricultural experiment 
atalinns. Sunturf is a fine-textured, dark green, turf-type 
l~rrrniitl:~;r~is~. It is susceptible to leaf diseases, but they 
do n n t  c'luse p~rmanent damage. Sunturf is sufficiently 
fine lo I)? used as a putting green grass. 
Ilalshore, sometimes identified as Gene Tift, was 
relmqrd I)\ the Florida Agricultural Experiment Station 
at Gaines~ille. It was selected at the Bayshore Golf Club, 
llianli Ije'~(l~, i n 1945 and is believed to be a natural 
I ~ \ l ~ r i t l  l)el\\em common bermudagrass and an introduced 
~yecies fioln South Africa. It is light green in color 
ailtl fine-t~utured. It has been used as a fairway and 
puttin; ;reen grass but now is being replaced with su- 
perior srlrctions. Numerous variations have appeared 
In Ila\sho~e greens. Rayshore also produces abundant 
sect1 heads under conditions of drouth and unbalanced 
sulrients. 
Tiffine hermudagrass was released by the Georgia 
A:rirultural Experiment Station in 1953. I t  is light 
;reen in  tolor, fine textured and more disease resistant 
than common bermudagrass. Tiffine, like Bayshore, 
protluc~s abundant seed heads under stress conditions. 
T~ffine is no longer being planted on new greens; both 
r~al)lishrtl Tiffine and Bayshore greens are being re- 
ylacetl b~ newer selections. 
U-3 berrnudagrass was released in 1947 by the 
LSGA Green Section and the USDA. It  is a moderately 
fir~e teltured, cold tolerant and fast spreading grass that 
is atlaptetl for use on tees and fairways in the Texas 
Panhandle. 
BERMUDAGRASS ESTABLISHMENT 
'Sith the exception of common bermudagrass, the 
bermudas used on golf courses must be established from 
\ewtati\e material. Common can be established either 
\e:rtati\elj or with seed. Seed or vegetative material to 
IK wed ~hould be of known varietal purity and free from 
tro~I~Ir~orne w eds. State certified planting material and 
reed chould be used to assure genetic purity and mini- 
mum rteeds. The use of noncertified planting material 
from unknown sources may result in the wrong variety 
or mivture and the introduction of troublesome weeds 
\ u t h  ac purple nutsedge and others. 
Sred are available from two general types of ber- 
mutla;rass-common bermudagrass and giant bermuda- 
grass. Both are grown in western states where most of 
the common bermudagrass seed are produced. Giant 
bermudagrass is a coarse, vigorous growing, open, up- 
right type adapted for pasture and hay use. I t  is fre- 
quently a weed in seed fields of common bermudagrass. 
As a result some lots of common bermudagrass seed sold 
for turf purposes also have giant mixed with them. 
Buying and using only certified common bermudagrass 
seed will prevent this possibility. 
U-3 bermudagrass produces seed sometimes offered 
for sale. This seed should be avoided; establishment 
should be with vegetative material from a certified source. 
Seed from U-3 do not produce plants like U-3. 
Greens 
Proper green construction and soil preparation are 
necessary prior to grass establishment. Properly built 
greens will help insure good grass growth and minimize 
maintenance. Many problems associated with soil com- 
paction, water infiltration, poor drainage and poor play- 
ing conditions usually can be avoided by proper green 
construction. 
Some specifications for putting-green construction 
follow 
1. Locate the greens in full sunlight where there 
is good air movement. 
2. Provide good soil drainage. This usually will 
necessitate the use of tile below the surface overlaid with 
crushed rock or pea gravel followed with coarse sand 
and with 12 inches of suitable soil mixture in which the 
grass is to grow. The top soil mixture, such as washed 
and screened sand, soil and peat in an S-1-1 ratio or 
other materials should be properly proportioned and 
mixed in accordance with test results from a competent 
laboratory such as the USGA Soil Testing Service, Box 
5248, State College, Mississippi 39762. Samples of ma- 
terials available for use are subjected to tests, and recom- 
mendations of a suitable mixture are made for a nominal 
fee. 
3. Contour the green to drain the water from its 
surface away from the paths of heavy traffic. 
4. After applying the topsoil mixture, uniformly 
incorporate fertilizer and/or lime requirements accord- 
ing to a soil test recommendation. Usually, a complete 
fertilizer, such as 12-12-12, applied at a rate of 15 to 
20 pounds per 1,000 square feet will be adequate. After 
the soil has been leveled and smoothed, it should be com- 
pacted or firmed. Firming will eliminate soft spots and 
result in having the stolon bed uniformly firm. Use of 
water is helpful in settling and firming the surface and 
'Detailed specifications for putting-green construction are 
available from the U.S. Golf Association Green Section, 
40 East 38th Street, New York, New York 10016 for a 
nominal fee. 
also will reveal any water-holding depressions which 
might interfere with surface drainage. 
5. Before planting, fumigate the soil with 1.5 to 2 
pounds of methylbromide per 100 square feet applied 
under air tight covers for 24 to 48 hours to kill weed 
seeds, nematodes and other soil-borne pests. For effec- 
tive results, soil temperatures must be above 50" F. Wait 
48 hours after removing covers before planting the grass. 
The vegetative planting material should be freshly 
harvested, kept moist and protected from desiccation by 
the wind and the sun. It likewise should not have been 
exposed to undue heating, which can occur when moist 
material is allowed to remain packed for extended periods 
of time, especially when temperatures are high. Exposure 
to freezing temperatures, of course, should also be avoid- 
ed. The soil should be moist when material is planted. 
There are several methods of planting, such as set- 
ting sprigs at intervals of 6 to 12 inches or broadcasting 
sprigs and stolons. For a quick cover and minimal weed 
problems, broadcasting 5 to 10 bushels of shredded 
sprigs or stolons per 1,000 square feet is suggested. The 
heavier rates permit earlier play. Most greens today 
are established by a method known as "stolonizing." 
This refers to the planting of shredded stolons or frag- 
ments of bermudagrass roots and stems resulting when 
the grass sod is chopped into fine pieces. This shredded 
material is spread over the area with mechanized equip- 
ment and then lightly incorporated into the existing soil 
or covered lightly with sterilized topsoil mix. About 
one-fourth inch of soil is usually adequate; this is ap- 
proximately three-fourths cubic yards per 1,000 square 
feet. The soil should be the same as that used in the 
topsoil mixture for the green. After the soil is added, 
the area should be rolled lightly. If coarser planting 
material is used, then it should be incorporated deeper 
into the soil, or topsoil should be added to cover the 
sprigs adequately. Rolling should follow to smooth the 
surface and to firm the soil around the sprigs. 
The sprigs should be watered immediately after 
planting and the soil kept moist by frequent light water- 
ings. This may require two to three waterings daily, 
especially under conditions of high temperatures and 
low humidity. . The frequent watering schedule should 
be continued until the grass is well rooted and growing. 
The schedule then should be adjusted to apply more 
water each time, but less frequently, in order to encour- 
age a deeper root development. 
As the grass starts to grow, additional nitrogen 
fertilizer will be needed. At the initiation of grass 
growth, approximately 1.5 pounds of N per 1,000 square 
feet should be applied and this application repeated 
every 2 weeks until a good cover is attained. Nitrogen 
fertilizer, along with optimum moisture conditions, is 
the key to attaining a quick cover. 
Mowing should begin as soon as some of the p a c c  , 
reaches a height of approximately 1 inch. While tllr 
turf is becoming established, the cutting height should ' 
probably be at least one-half inch, or high enouph to  
prevent scalping of high spots. As the green set~lp~ 
and low areas are filled by topdressing, the cuttin; 
height should gradually be lowered as the smoothneic 
of the surface permits. When the turf is fully estah. 
lished, the cutting height should be at the desired hei~lit ' 
for play. 
The same topsoil mixture used in constructim 
should be added to fill low spots and to smooth roLl;h 
areas. This operation should begin as soon as the turf 
is well enough established to permit this being d o r l ~  
without damage. Approximately one-fourth cubic yard 
of topdressing per 1,000 square feet may be applied i n  
a single operation without damage to the turf. The turf 
should be permitted to recover between topdressing 
operations. 
Tees and Fairways 
The tee surface often is only fill-soil. The m o ~ t  
desirable loam or sandy loam soil should be reserled 
for the tee surface. Site conditions generally do not 
justify elaborate seedbed building or the installation of 
subsurface drain lines, but some modification of t l i ~  
topsoil is often desirable. This is especially true where 
tee areas are small and subjected to heavy use. Tee< 
should be constructed to allow good surface drainape. 
with gentle slopes which are machine-mowable. 
Since considerable acreage is involved in fairway. 
grass is usually established in the existing soil without 
modification. If areas are to be cut during construction. 
the topsoil should be set aside and spread back o\er 
when the cuts are completed. The soil should not h p  
worked while it is excessively wet. The fairway area 
should be thoroughly cultivated in order to form a seed. 
bed that is firm and free of weeds and undecayed plant 
parts or other organic materials. Provision for adequat~ 
surface water drainage should be considered in the con- 
struction phase. 
When vegetatively propagated bermudagrass is t n  
be used on fairways and tees, the planting procedure i c  
similar to that for greens. A lower planting rate i~ 
often used on fairways because quick establishment i; 
usually not so critical; thus, costs can be reduced. :\ 
minimum rate should be 2 or 3 bushels per 1,000 squarP 
feet or 100 bushels per acre. The sprigs should be broad. 
cast on a clean seedbed and incorporated into moist soil 
by disking or otherwise. Rolling should follow immedi- 
ately. Covering with topsoil is generally not practical 
on extensive areas such as fairways. Good moisture 
conditions must be maintained to assure a good coTer. 
Common bermudagrass is often seeded on fairwa::: 
and tees. The seeding rate should be 20 to 40 pound; 
of hr~llrtl c4nnimon bermudagrass seed per acre. The 
I~iehrr rate \\ill give a quicker cover with fewer weed 
prablrmq. Seeding can be accomplished by disking the 
I ) I P ~ X P ~  heetll,erl lightly and following with a drag or 
litllt rollrr 10 smooth and firm the soil. The seed should 
l h p n  I)? 1)roatlcast evenly over the area and rolled again. 
4 corrugated-lype roller usually works best for this oper- 
dtion. Special seeders are available which will do the 
rollin; and seeding in one operation. Regardless of the 
planting melhocl. the seed should only be pressed into 
nio ig t  soil and not covered deeply. 
1Ioiqture is critical in bermudagrass establishment 
from sped. The top inch of soil must remain moist for 
1.5 to 20 (lays after planting for new bermudagrass seed- 
l i n ; ~  to establish sufficient root systems to survive. Thus, 
rapid drji11g of the top inch of soil after the seeds germi- 
n a l ~  ant1 hefore the roots have penetrated below this 
clrplh results in high seedling mortality. 
Xlulching of newly planted areas is sometimes bene- 
ficial. This may be helpful especially when establishing 
Fraqs on slopes or when water evaporation rates are 
h i ~ h .  Natural mulches such as straw or hay may be 
used as \\ell as manufactured mulches, such as cellulose. 
Special hydroplanting equipment is available to apply 
cerd or shredded stolons along with a special mulch, 
nlived \rith water. Fertilizer also can be applied in the 
Game operation. 
Fertilizer and/or lime needs, determined by a soil 
teqt. fhould be incorporated into the soil during seedbed 
preparation just prior to planting, either vegetatively or 
~ i t h  sertl. The nitrogen fertilizer can be withheld in 
the initial soil application to reduce the encouragement 
of earl! \\eed growth ahead of the grass. In this event, 
apl~ro~irna~ely two pounds of N per 1,000 square feet, 
or Gl) 110uncls per acre, should be applied immediately 
as the grass starts growth, with additional applications 
nf appro~imately 60 pounds per acre at monthly intervals 
u n t i l  a good cover is attained. 
.Ilo\\ing should begin as soon as there is sufficient 
gracs and 'or weed growth. Most weeds in bermudagrass 
rnn hr rontrolled through the use of selective herbicides, 
L u c h  as the organic arsenicals and 2,4-D. Mixtures of 
t l i rq~ I~erhicides which will control both grassy and 
b~oadleavetl weeds in one application are available. The 
elirnirlation of competitive weeds will greatly enhance 
I~ermutlay-ass growth and coverage. 
Roughs 
il common practice in the past was to permit roughs 
I r r  I)P occupied by naturally occurring vegetation which 
i +  r n o \ v ~ d  occasionally. The trend today is to plant roughs 
'1. \\ell a< fairways. Acceptable cover and playing con- 
clitions are obtained by adjusting height and frequency 
of cut and by controlling fertilizer application. Ber- 
mudagrasses such as common or Tifway produce tough 
roughs but can be used if there is not too much shade. 
To help establish fairness in penalties, the grass can be 
mowed at an intermediate height adjacent to the fairways 
and maintained at increasing height as distance away 
from the fairways increases. 
BERMUDAGRASS MAINTENANCE 
Bermudagrasses in general are drouth tolerant; that 
is, they will survive dry soil conditions longer than most 
turfgrasses. However, the drouth tolerance of bermuda- 
grass is based on the ability of this plant to become semi- 
dormant and to resume growth when moisture is ade- 
quate. The grass does not provide a desirable turf under 
drouth conditions but responds readily to irrigation. On 
the other hand, bermudagrass will not tolerate poorly 
drained soils. Thus, irrigation practices are critical for 
the maintenance of fine bermudagrass turf. On poorly 
drained soils overwatering can result in the loss of turf. 
In general, the water requirements for bermudagrass 
turf, for a particular area of the State, are dependent 
upon the water-holding capacity of the soil and the evapo- 
transpiration rate of the site. The water-holding capacity 
of a clay soil (heavy soil) is greater than that of a sandy 
soil. Thus, a clay soil will require less frequent watering 
than a sandy soil. The evapotranspiration rate changes 
from day to day but is primarily dependent upon tem- 
perature and, consequently, will vary considerably be- 
tween seasons and between areas of the state. It may 
range from less than one one-hundredth inch of water per 
day during the winter to greater than one-third inch of 
water per day during the summer. Thus, under extreme 
conditions one-third inch of water per day might be 
required to maintain adequate soil moisture. Watering 
systems for golf courses must be designed to meet the 
requirements for bermudagrass turf during stress periods. 
The frequency of application and quantity of ferti- 
lizer required for bermudagrass turf depend on the length 
of the growing season, the soil type, the variety, the 
desired appearance and growth rate and the source of 
nitrogen used. In Texas, the length of the growing sea- 
son for bermudagrass varies considerably from north to 
south. In general, South Texas has a 9- to 12-month 
growing season for bermudagrass, whereas North Texas 
has a 6- to 8-month growing season. The quantity of 
fertilizer required increases with the length of the grow- 
ing season. 
Soil type also influences the frequency and quantity 
of fertilizer required. Some soils are inherently low 
in one or more plant nutrients. Soil tests9rovide one 
'Soil samples may be sent to the Soil Testing Laboratory, 
Texas A&M University, College Station, Texas 77843. 
means of detecting nutrient deficiencies. Efficient ferti- 
lizer practices can be made only on the basis of soil tests. 
The frequency of application of fertilizer also depends 
on the soil type. Sandy soils are generally more subject 
than clay soils to leaching of fertilizer nutrients. Thus, 
nitrogen fertilizers need to be applied in smaller and 
more frequent applications on sandy soils than on clay 
soils. 
Bermudagrass varieties differ in nitrogen require- 
ments. In general, the fine-textured varieties need to be 
maintained at a higher level of nitrogen than common 
bermudagrass. The desired color, density and growth 
rate of bermudagrass largely determine the amount of 
fertilizer required. The dense, dark green turf demand- 
ed for putting greens requires higher levels of fertilizer 
than fairway turf where the same color and density are 
not essential. Likewise, tees require a higher level of 
fertilizer than fairways because of the heavier traffic 
and greater injury from clubs on golf tees. The rate of 
recovery of bermudagrass turf on golf tees is directly 
related to the level of nitrogen fertilizer applied. 
The source of nitrogen used largely determines the 
frequency and quantity of fertilizer applications required 
to produce a uniform appearance. Nitrogen from inor- 
ganic sources such as ammonium nitrate and ammonium 
sulfate is readily available to the grass. Thus, inorganic 
nitrogen sources produce a rapid growth stimulation 
followed by a sharp decline in growth rate and color. 
Therefore, it is necessary to apply inorganic nitrogen 
sources in small, frequent amounts. Nitrogen from or- 
ganic sources such as sewage sludge and ureaformalde- 
hyde is not as readily available as nitrogen from inor- 
ganic sources. Consequently, larger and less frequent 
- applications can be made. Organic nitrogen surfaces are 
often used on putting greens where a uniform growth 
rate is important. Frequently, a combination of organic 
and inorganic nitrogen sources is used to obtain the 
advantages of both materials. 
Mowing requirements for bermudagrass turf are 
dictated by variety, usage and maintenance intensity. 
In general, fine-textured bermudagrasses require closer 
and more frequent mowing than common bermudagrass. 
Turf usage largely determines the mowing height and 
frequency required to maintain desirable characteristics. 
Putting green turf is mowed at a height of l/s to 1/4 inch 
and from four to seven times each week. Fairways and 
tees are mowed at a height of 3/8 to 5/s inch from two to 
three times each week. In general, the shorter the mowing 
height, the more frequently the grass should be mowed. 
Mowing requirements are dependent upon the mainte- 
nance level imposed on the turf. Nitrogen fertilization 
and watering practices largely determine the required 
frequency of mowing for avoiding excessive accumula- 
tion and injury to turf. 
Greens 
Golf course putting greens constitute the mos 
sively managed areas in Texas agriculture. ?he I ~ I .  
proved varieties of bermudagrass, materials and 
ment make possible the putting green quality a 
golfers today. 
Mowing 
Bermudagrass putting greens should be mowed at 
l/s to j/a inch depending on the variety of grass and t h p  I 
putting speed desired. Tifdwarf mowed at 1/8 inch ~ z i l l  
produce a very fast putting surface, while Tifgreen or  
Texturf 1F  mowed at j/a inch will produce a slower 
putting surface. The height of cut is determined 111 
setting the greens mower but is influenced by the amour~t 
of mat or thatch present. A putting green with yer! 
little thatch will provide a faster and smoother puttinp 
surface than a green with a heavy thatch when mo\\ed 
at the same height. When a heavy thatch is present. 
the height of cut is greater than the mower setting indi. 
cates. Tifdwarf should be mowed daily at a height of 
1/8 to 3/16 inch. Tifgreen and other varieties should 
be mowed daily at a height of 3/16 to l /4  inch. LCF 
frequent mowing favors the accumulation of thatch which 
mlness. leads to dry spots, scalping and spon,' 
Fertilization 
Bermudagrass has a high nitrogen requirement for 
maintenance of high quality putting greens. Dependin; 
on the length of the growing season, 8 to 20 pounds of 
nitrogen per 1,000 square feet may be required each 
year. The ratio of nitrogen, phosphorus and potassium 
removed from bermudagrass putting greens is approui- 
mately 4-1-2. The nitrogen requirement can be met from 
inorganic nitrogen sources such as ammonium nitrate 
and ammonium sulfate, but a uniform growth rate is 
difficult to maintain. Nitrogen should be applied at 
1 to 2 pounds of actual N per 1,000 square feet at t\zo- 
to three-week intervals during the growing season if 
these materials are used (Table 2) .  Because the nitrogen 
from these inorganic sources is completely water soluble 
and is readily available to the plant, a rapid response 
can be expected. The material must be watered into 
the soil so that the grass is not burned. Organic nitro- 
gen sources such as sewage sludge, ureaformaldehyde 
and IBDU can be used alone or in combinations with 
inorganic sources to meet nitrogen requirements. The 
nitrogen from the organic sources is not readily available 
!2!t 7 .  Si!!&ESTED FREQUENCY AND RATE OF APPLICATION FOR 
, i'/.piOUS NI::'(?GEN SOURCES FOR PUTTING GREEN T U R F  
Rate Frequency 
Lb. N/  1,000 sq f t  Weeks 
Iflorgrlqic 
r m m o n ~ u m  sulfate 
t n m o n ~ u m  nitrate 
C:her soluble sources 
Sin'l\etic organic 
Urea 
Ureaformaldehyde 
!!,pJ 
3-1 ~ r n l  orpanlc 
Secoge sludge 
:mSingt~ons of inorganic 
and orgnnic sources 
to I ~ P  plant, hut is released slowly over a period of sev- 
eral morrthq. Sewage sludge at 1 to 1% pounds N per 
I,OOfl ~rluarr feet a t  3- to 4-week intervals or ureaformal- 
clrh\~le or  IRDU at 4 pounds N per 1,000 square feet 
at 6.n~ek intervals will meet the nitrogen requirements 
krr h~rmutla,nrass putting greens during the growing 
v,lpnn t Tal~le 2) . 
P11osl)horus and potassium requirements can be met 
frnni \arious complete fertilizers such as 12-12-12 and 
16-I-:; or from fertilizer materials such as super phos- 
phdtr. 0-20-0, and muriate of potash, 0-0-60. In the 
fertilizer analysis such as 16-4-8, the first number (16) 
rtprpqents [he percent elemental nitrogen, the second 
numlvr I E l  represents the percent P205 and the third 
nurnh~r ( $ 1  represents the percent K20.  Applications 
elf i i ; ~ ~  naterials should be based on "soil test" recom- 
rn~ntlaiions. and materials should be applied in the fall 
anti qpring at  recommended rates. Unnecessary applica- 
l i l a ~ c  of ~hese materials are expensive and may lead to 
pro1)lerns associated with an imbalance of plant nutrients. 
Watering 
G~rmudagrass requires abundant water during the 
;rocin? season to maintain a high quality putting sur- 
f d c ~ ,  In some circumstances greens may require water 
at a rate of one-half or more inches per day during 
5tresE ~)e~iorIs. The water requirement depends on the 
~\apntranspiration rate and the soil mixture used in the 
puttin; Freen. During hot, dry, windy weather, greens 
hill clr\ out  rapidly, and daily watering may be required 
In Iment severe wilting. If greens are properly con- 
-iruc~rd, rhe putting surface and aprons will not become 
w a l ~ r  lo:,.ced following daily watering at heavy rates. 
011 pnorI\ constructed greens, heavy, frequent watering 
w i l l  reqult in saturated soil conditions with oxygen being 
cutlur l~d from the soil. If the oxygen supply in the root 
Ion? i q  depleted, bermudagrass cannot utilize the water 
tren ~liough the soil may be saturated. Thus, where 
h a i ~ ~ r  i ~filtration rates are less than one-half inch per 
hour, the soil should be allowed to dry to the point 
where the grass begins to wilt before being watered. 
After greens are observed for a time, a watering schedule 
can be established that will meet the water requirements 
of bermudagrass without excluding oxygen from the root 
zone. 
Water infiltration rate is important when establish- 
i ~ g  a watering schedule. Water should never be applied 
faster than the soil can absorb it because much of it will 
be lost through runoff, and very little will penetrate the 
root zone of bermudagrass. Putting greens constructecl 
according to USGA Green Section specifications will have 
an adequate infiltration rate to meet watering require- 
ments. Light, frequent application of water discourage; 
deep rooting in bermudagrass and encourages disease 
and weed development. Thus, water should be withheld 
until the grass begins to show stress; then water should 
be applied until the root zone is thoroughly wet. Putting 
greens should never be watered to hold a golf shot. This 
must be accomplished through aerification and top- 
dressing practices. 
Hard, compacted greens that have a very low infil- 
tration rate can be improved by aerifying and top-dress- 
ing with a coarse-textured material. Preferably, an 
aerifier with %-inch hollow tines that remove 3-inch 
cores on 2-inch centers should be used for this operation. 
The soil cores should be removed and replaced by top- 
dressing of a washed sand or a mixture of sand and 
calcined clay. The coarse-textured material should be 
worked into the holes by being dragged in several direc- 
tions with a heavy, steel mat. This material will help 
to keep the holes open for the infiltration of air and 
water. 
The presence of a heavy thatch layer will also inter- 
fere with the movement of air and water into the soil. 
Thatch can be removed by aerification and vertical mow- 
ing. The residue must be removed by a brush or vacuum 
sweeper. Top-dressing the green will also encourage 
thatch reduction and improve water movement. 
Verf icutting 
Bermudagrass, like creeping bentgrass, spreads by 
stolons and becomes quite grainy during the growing 
season. Vertical mowing on a regular schedule will pre- 
vent graininess and provide an excellent putting surface. 
Vertical mowing in two directions at 2-week intervals 
with the blades set to cut only the grass runners will not 
noticeably discolor the turf and will help produce a true 
putting surface. The same practice on a weekly schedule 
will eliminate graininess and reduce thatch accumulation 
and produce a fast, smooth putting surface. The vertical 
mower may also be used following aerification to break 
up and scatter the soil cores. The vertical mower should 
1)e used routinely as a management tool and not on an 
emergency basis as a renovator. 
the spring and fall to remove maximum soil and thatch 
accumulation. Smaller tines should be used during ~ h r  
summer months. 
Soil cores may be shredded with a vertical mmer 
and dragged with a steel mat to provide top-dressin;. 
or they may be removed from the green. If removal ol 
thatch or elimination of compaction is the purpose of 
the aerification, the cores should be removed from the 
green and replaced by a good top-dressing mixture. If 
the aerification is to encourage bermudagrass transition 
in the spring or to destroy surface crusts, the soil co.:p 
may be shredded and dragged. 
Putting greens constructed of material with a rather 
large percentage of fine sand, silt and clay tend to he 
hard and compacted when subjected to heavy traffic. 
These greens will require more frequent aerification than 
properly built greens to overcome compaction and to 
Vert~cal mowing is required to reduce grain and thatch In bermuda- hold a golf shot. Putting greens constructed with a miu 
grass turf. ture of sand, organic matter and soil (8-1-1 ratio) \\ill 
not require frequent aerification. 
Aerification 
The need for aerification of putting greens must 
be determined on an individual basis. Again the green 
construction and soil mixture should determine aerifi- 
cation practices. Greens constructed according to USGA 
Green Section specifications will have adequate aeration 
for deep root growth. However, it will be necessary to 
aerify greens to encourage bermudagrass transition in 
the spring, to reduce thatch accumulation during the 
summer and to alleviate compaction resulting from heavy 
traffic. A minimum of two aerifications each year is 
essential to good bermudagrass putting greens. Aerifi- 
-. 
cation should be accomplished with %- to l/z-inch hollow 
tines that remove a 2- or 3-inch soil core at relatively 
close intervals. One-half inch tines may be used during 
Top-dressing 
Three practices prevent accumulation of organir 
residues and compacted soil conditions-vertical mouinr. . 
aerification and top-dressing. All are essential to the 
maintenance of fine bermudagrass turf. Top-dressing i;. 1 
an expensive and arduous task and requires advanced 
planning and organization. Equipment to shred, blend 
and screen the top-dressing material is essential, as i; 
i 
an automatic top-dressing machine. This equipment ii 
expensive, but saves labor and does a better job than 
hand mixing and spreading. The success of the top 
dressing operation depends largely on the choice of 
material for use in the mixture. If the soil in the green$ 
provides good drainage, water and nutrient retention and , 
Golf greens need ae;ification to reduce 
thatch accumulation and to alleviate surface 
compaction from heavy traffic. 
aeration. the top-dressing material should be of the same 
:eri~ral nature. If the soil or soil mixture has not per- 
formrd satisfactorily, a more desirable mixture should 
Ile ucrd for top-dressing. In this case a physical analysis 
of 11ie lnatrrials available for use should be made by the 
1SGA Soil Testing Service:' or another competent soil 
t~atin: lalioratory. The service will include a recom- 
rnenilntion for a suitable mixture for top-dressing or 
;r?m tonstruction. This mixture should become the 
prrmane.it top-dressing material. 
Aftrr the proper top-dressing material is shredded, 
I ~ l ~ n d ~ d  an  screened, it should be sterilized with methyl 
l~romitle or another sterilant and composted for 8 to 10 
n i o n t l ~ q  prior to use. Top-dressing should be stored in 
a tlr\ place to insure free flow at the time of application. 
I 
Li~ht, frequent applications of top-dressing are morel 
hen~ficial than heavy, infrequent applications. Tifdwarf 
lirrrnudagrass, in particular, will not tolerate heavy top-' 
!lreq.in;. The application of l/z to 3/q cubic yards per 
;.Ofln crluare feet of putting surface at least four times 
durin: the growing season is recommended. A top- 
drec~ inp  should never be so heavy as to cover the grass. 
The benefits of top-dressing are pointed out by Wil- 
liam Bengeyfield:" "Top-dressing does more than smooth 
the putting surface. It encourages new growth, resulting 
in dense, upright and fine-bladed turf. Top-dressing 
help: pre\ent thatch accumulation by encouraging or- 
p i c  matter decomposition. It also increases water and 
~ n ~ l r i e n t  retention in the soil profile; thus, localized dry 
.pot< are reduced. Top-dressing adds resilience to the 
d a c e :  thus, top-dressed greens 'hold' a golf shot better. 
On heatilv played greens, this point is of particular 
Importance. Greens top-dressed just prior to the winter 
a1.o h a \ ?  fewer problems from desiccation and winter 
~ n j u n . "  
- 
Send samples of material to Agronomy Department, 
LPGA Soil Testing Lab, Box 5248, State College, Missis- 
SIPPI 39762. 
'Bengeyfield, William. 1969. Top-Dress Greens and See 
the Difference. USGA Green Section Record. 1:l-4. 
i cp  d.ersng 
:opl ed to 5 
material is 
lolf greens. 
composted several months before being 
Top-dressing golf greens helps to smooth the putting surface, to 
reduce thatch and to improve the resilience of the turf. 
Top-dressing is expensive but essential to maintain- 
ing fine bermudagrass putting greens. Although it does 
not produce immediate miracles, its long-range benefits 
are undeniable. Together vertical mowing, aerifying and 
top-dressing can do much for the maintenance of fine 
bermudagrass putting greens. . - 
Overseeding 
To protect dormant bermudagrass from traffic and 
to provide a green, uniform putting surface during the 
winter, cool-season grasses or grass mixtures are seeded 
each fall. The alternatives to overseeding-spraying col- 
orants on dormant turf, playing temporary greens or 
playing dormant greens-are generally unacceptable to 
the golfer. The success of the overseeding depends 
largely on the preparation of the greens prior to planting. 
Bermudagrass will survive the winter and recover earlier 
in the spring if it is healthy and relatively free of thatch 
going into the dormant period. Aerification, vertical 
mowing and top-dressing four to six weeks prior to the 
overseeding date will help alleviate soil compaction, 
reduce thatch accumulation and encourage bermudagrass 
root development. Aerifying with 3/s-  to Y2-inch hollow 
tines and light vertical mowing in several directions will 
remove much of the organic residue and grass runners 
that contribute to thatch. Top-dressing with one-eighth 
inch of material and fertilizing with nitrogen will en- 
courage organic matter decomposition and stimulate 
bermudagrass regrowth 
At the time of overseeding, light vertical mowing 
in two directions will thin bermudagrass and reduce com- 
petition with overseeded grasses. "Soil test" recommen- 
dations with respect to P, K and lime should be followed. 
Excessive phosphorus may encourage Poa annua, where- 
as phosphorus or potassium deficiencies will retard over- 
seeded grasses. Nitrogen fertilization should not be 
excessive and may be delayed until seedlings have 
emerged. Selection of grass or grass mixtures and seed- 
ing rates depend somewhat on results desired. For 
Overseeding bermudagrass greens is necei- 
sary to provide an acceptable putting sur. 
face throughout the winter. The photogropll 
shows the seed before top-dressing (left !  
and after top-dressing (right). 
example, perennial ryegrasses seeded at 40 pounds per furnish the required amount. If soluble sources are used. 
1,000 square feet will provide a fine-textured, dense and small, frequent applications are necessary. If slob- 
uniform putting surface that will tolerate heavy traffic. release sources are used, larger and less frequent ap 
Other desirable qualities of the ryegrasses are their rapid plications may be made. Phosphorus and potassium 
germination and establishment and their excellent com- requirements should be met prior to the time of oies I (  
petition with annual bluegrass (Poa annua L.). Poa seeding. 
trivialis at 10 to 12 pounds per 1,000 square feet will 
provide a fine putting surface but will not tolerate as 
much traffic or compete with annual bluegrass as well 
as the perennial ryegrasses. Other cool-season grasses 
include bluegrasses, fescuegrasses and bentgrasses, most 
of which are used in mixtures of two or more varieties. 
The alternatives are numerous, but in Texas the most 
popular combinations contain various amounts of Sea- 
side bentgrass, Poa trivialis and Kentucky bluegrass or 
f e s ~ u e . ~  
Overseeded greens will require light, frequent water- 
.. ing until seedlings are established. It may be necessary 
to water several times each day during the first 2 weeks 
after seeding. Putting greens should be mowed at 1/4 
to 5/16 inch with a freshly sharpened mower during 
this time. Regular mowing schedules may be main- 
tained. Pythium, Rhizoctonia, Helminthosporium and 
other seedling diseases should be controlled on a pre- 
ventative spraying schedule during the establishment 
period. Frequent changing of pin placements is essential 
to protect overseeded grasses and dormant bermudagrass 
from excessive wear. Loss of grass cover or thin areas 
encourage annual bluegrass and other weeds to invade 
the putting green turf. 
Winter greens require 3/4 to 1% pounds of nitrogen 
per 1,000 square feet per month, depending on grass 
used, to maintain good color and uniform growth. Solu- 
ble and slow-release nitrogen sources may be used to 
"Menn, W. G., and G. G. McBee. 1971. An Evaluation of 
Various Cool Season Grasses and Grass Mixtures in Over- 
seeding a Tifgreen Bermudagrass Golf Green. Texas 
Agr. Exp. Sta. PR-2878. 
- 
Spring transition from cool-season grasses to her. 
mudagrass can be improved by proper timing of vertical 
mowing, aerification and fertilization. Light verticuttin; , 
every week or two when bermudagrass breaks dormancr 1 
will thin overseeded grasses and stimulate the recover1 , I  
of bermudagrass. Whether verticutting is necessarl 
every week or only every 2 weeks depends on hon 
rapidly the bermudagrass grows. Cool night tempe~a. 
tures will retard bermudagrass recovery and result in a 
thin turf if verticutting has been too severe. On the 
other hand, failure to thin cool-season grasses ma\ 
retard bermudagrass recovery. If transition to bermuda. 
grass is proceeding too slowly, aerification with %-inch 
hollow tines will favor bermudagrass. Increasing nitro I 
gen fertilization to 2 pounds per 1,000 square feet from 
a soluble N source every 3 weeks will also stimulate the 
bermudagrass. 
5 Fairways 
Although putting green maintenance requires much 
concern and major expenditures, much of the game is 
played on the fairways. The condition of the fair~ays 
will be reflected in the golfer's attitude or opinion of a 
particular course and most certainly in his game of golf. 
There is no hard and fast rule as to how much or 
how often all golf fairways should be watered. Two 
general theories of watering are as follows: (1) Deep 
soakings several days apart will promote deep rooting 
and consequently a more drouth tolerant grass and 
(2) frequent watering will maintain a uniform degree 
of moisture in the upper soil. The first theory of "deep 
soakings" seems to be more practical; however, with 
the sophisticated automatic irrigation systems now avail- 
able, the latter theory may be applicable. 
Courses having heavy soils in fairways should not 
be equipped with high volume sprinkler heads. The low 
infiltration rate of these soils restricts the movement of 
water into the soil and much moisture is lost through 
runoff. The reverse is true for courses built on light, 
sandy-textured soils. Here the high volume sprinkler 
would save time in watering. If watered properly, the 
heavy soils can be watered less frequently than the sandy 
soils. 
ltan~cured 
0s well as 
berrnudagrass fairways provide a fine p l a y ~ n g  surface 
a beautiful appearance. 
Even thot 
i w n  the 
lgh fairways may not receive the intensive care 
-..,.. ..., greens and tees, they should not be neglected. 
:r expects a uniform, dense, closely mowed 
turf from which to hit his next shot toward 
The golf( 
ward of 
!he green. 
Drainage 
Surface and internal drainage are a necessity on 
fairways to insure a playable course after heavy rains 
or waterings. This may call for filling in low spots 
or the use of French drains in some areas. 
The I 
ciderably 
,,,,An +h^ 
degree of fairway maintenance will vary con- 
from course to course depending primarily 
budget. The following suggestions are offered 
in mind and range from minimal care of fair- 
he utmost in fairway maintenance. 
Up",, LllIj 
iiith this 
\rays to t 
Mowing 
Properly mowed fairways not only give the course 
a neat, uniform appearance but also afford the golfer a 
good, clean shot to the green. Frequency of mowing 
may vary from biweekly to three or four times per week 
depending on acreage to be mowed, equipment available 
and season of the year. During the active growing sea- 
son, bermudagrass fairways should be mowed at least 
weekly and ~ r e f e r a b l ~  two or three times per week. 
Irrigation 
Golfe 
 sterns ol 
rs playing on fairways not having watering 
lay on poor turf throughout much of the year. 
on in Texas has the quantity of evenly dis- 
ainfall needed to eliminate the requirement of 
lental irrigation system. 
So locatil 
tiibuted r 
a suppler 
,rigation system .. 
for successful 
of bermuda- 
: reoble i~ 
i necessary 
vntenance 
:ms turf. 
Normally, the greater mowing frequency results in a 
dense, uniform and more beautiful playing surface. Fair- 
way mowing units will vary from 5-gang to 9- or even 
11-gang units; the 5- and 7-gang units are more maneu- 
verable. Large, open, relatively flat areas would be 
suited to the use of the 9- or 11-gang mowing units. 
With two 5-gang units, a 5- and 7-gang unit or two 
7-gang units, the fairways on an average 18-hole golf 
course can be easily mowed in half a day. A combina- 
tion of a 5- and a 7-gang unit may be better than two 
5- or two ?-gang units. With a mowing schedule so that 
any given fairway is mowed alternately with a 5-gang 
unit and a 7-gang unit, the problem of wheel marks will 
be decreased on courses following a program of two to 
three mowings per week. If only two 5-gang or two 
7-gang units are available, the variable hitch location 
allows change of the location of the hookup at each 
mowing, thereby changing the location of the wheels 
in relation to the mowing unit. Changing the direction 
of mowing with each cutting will prevent the grass from 
lying down. 
The variety of grass in the fairway will have some 
bearing upon the type mower that should be used. As 
a general rule, shifting toward finer textured grasses in 
the fairway means changing to mowing units containing 
more blades per cutting reel. For example, in mowing 
common bermudagrass fairways, the mowing unit should 
contain 5 or 6 blades per reel, while in mowing Tifway 
bermudagrass fairways, the reel should contain 6 or 7 
blades. On some courses where Tifgreen or one of the 
other fine-textured bermudagrasses have been used 
throughout, the mowing units would need 7 to 8 blades 
per reel. 
Cutting height in the fairways can affect the golfer's 
game. A closely mowed fairway lessens the possibility 
that the golfer's club will catch the grass before coming 
in contact with the ball and also decreases the drag on 
the ball as i t  hits the ground. Normally, the mowing 
level for fairways will vary from l/z inch to about % 
inch in height. Several factors will govern mowing 
height; grass variety is one. For example, Tifgreen 
bermuda looks good and plays well when mowed at  
inch, while common bermuda looks better at a %-inch 
cutting height. Frequency of mowing will also influence 
clipping height. Those fairways mowed only once per 
week should be clipped at the taller height, while those 
being clipped three times per week could stand even 
closer mowing. Seasons of the year affect mowing 
height. In spring the cut should be lower and should 
he raised slightly during July and August. A fairway 
mowed at 1/2 inch during April, May and June may be 
mowed at 2/3 or 3/4 inch during July and August. 
However, as the weather becomes cooler in September 
and October, the cutting height can be gradually lowered 
to the spring level. 
Aerif ication 
The practice of aerification of fairways is increasinc 
each year. This increase is required, in part, to alleriatp 
on today's golf courses. Also, aerification provi 
the compaction problems caused by the increase in traffic 
more efficient use of moisture and nutrients in t 
way and perhaps reduces or helps control thatch I: 
The need for aerification will vary consij 
between different courses and perhaps even betwc 
ferent fairways on the same course. The need f c  
tion will be influenced largely by the amount of 
encountered and the soil type on which the fairw 
constructed. Some courses "get by" without a ! 
aerification program while others must aerify a 
as four or five times per year. Many aerify ( 
the spring and once in late summer or early fa1 
Circumstances that may indicate a need for a 
are excessive water run-off, hard-to-wet soils or ye' 
grass from lack of oxygen (apparent when  moist^ 
nutrient levels are adequate and yellowing is not : 
of disease or insect damage). 
cles for 
he fair-  
mildup. 
s otten , 
1 result 
Dethatching 
Vertical mowing (dethatching) has become a riecec- 
sary practice on a number of courses throughout the 
State because thatch prohibits the movement of air, I 
ture and nutrients into the soil where they are nel 
Thus the grass may lose much of its drouth tole1 
and require excessive fertilization. Thatch accum ' 
appears to be associated with an increase in c 
Many of the effects of thatch are not yet clearly dl 
however, turfgrass researchers at The Texas Agric 
Experiment Station are conducting studies whic 
shed new light on many problems associated with 
ulatlorl 
lisea~e. 
efinerl: 
.,,lt,,,."I 
, U I L U 1 ~ 1 1  
h m a y  
thatch. 
As with aerification, the need for dethatch 
vertical mowing must be determined by local c 
stances. Vertical mowing needs might be influen 
grass variety, frequency and height of mowing : 
the fairway fertilization program. Some course 
no dethatching; others are on a monthly fairwaj 
cutting schedule. Courses that must be verticu.. ,.... 
per month during the growing season probahlj 
problems in other areas of their maintenance pr 
that are causing this rapid accumulation of thatcli- 
perhaps overfertilization, impropzr mowing, et ce 
In most cases, one or two dethatchings on fairway 
growing season should be sufficient to keep down h 
thatch accumulation. 
In; or 
:ircum- 
ced h y  
1 1  
Fertilization 
Fertilization of a fairway is exacting. Enoush i 
lizer should be applied to maintain a tight, dense s 
of turf and assure its recovery from traffic and ( 
ferti- 
tand 
livot 
injur!.. Proper fertilization should also lessen the weed 
problems in a fairway. Even though noticed first, color 
should not be the prime factor in determining fertilizer 
needs on the fairway. Although the darker, lush green 
ero\vth produced by heavy fertilization may be pleasing 
to the eye, usually it is associated with a heavy thatch 
accumulation, a need for increased mowing frequency 
and. quite possibly, an increase in disease incidence. 
Rate, frequency and source of fertilizer materials 
\\ill he governed by factors such as the length of growing 
season. availability and use of irrigation, amount of an- 
nual rainfall, height of cut, budget and the desire of the 
players for darker color. The rate of fairway fertiliza- 
tion may also vary with the age of the grass. For exam- 
ple, during establishment, the grass will require more 
fertilizer than when it becomes a mature, established turf. 
The growing season for bermudagrasses in Texas 
\\ill \ary from approximately 6 to 8 months in northern 
area. of the State to 9 to 12 months in the southern 
recion. Courses in the 6- to 8-month growing season 
helt probably will need 3-5 pounds of actual N per 1,000 
.quare feet during the season. This may be supplied 
h i  a late April or early May application of a complete 
fertilizer, preferably in the ratio range of 4-1-2. This 
qhould he applied at a rate of 1.5 pounds of N per 1,000 
cquare feet (or approximately 65 pounds of N per acre). 
Although distribution of the material at this rate should 
c u p p l ~  sufficient P and K needed for grass growth, the 
nide differences of P and K content found in the various 
qolli of Texas suggest soil testing prior to any fertilizer 
applications. The indication that medium to high P 
ant1 K exists in a fairway soil should eliminate the 
need for application of these two elements for that year. 
Ho\\ever, soil analyses should be run in subsequent years 
to .ee whether the P and K supply is being depleted. 
The remaining 2.5 to 3.5 pounds of N required on fair- 
na\s  in North Texas during the growing season may 
be applied in several forms. Of the relatively inexpen- 
c i ~ e  inorganic forms of N (ammonium sulfate, ammo- 
nium nitrate, urea, et cetera) , low rates should be applied 
at rather frequent intervals (x to 1 pound of N per 
1.000 square feet applied at 4- to 6-week intervals). To 
eliminate the frequent applications, one of the organic 
.lo\\-release forms of N (ureaform, IBDU, activated 
waFe sludge, et cetera) may be used. In applying 
theqe materials, a rate of approximately 1.0 pound of 
U per 1,000 square feet should be distributed several 
times during the growing season (May, July and Sep- 
tember) . 
A combination of both the inorganic and organic 
forms of N might give more satisfactory results. The 
p a s  will respond rapidly to the inorganic N source and 
\\ill continue to respond to the organic, slow-release 
form. 
In the southern region, with the longer growing 
season, the nutrient requirements on fairways will in- 
crease. In South Texas, 4 to 6 pounds of N per 1,000 
square feet per year may be required. I t  is recommended 
that a schedule similar to that of North Texas be followed 
with the exception that applications would begin earlier 
(late February or early March) and continue later into 
the fall. 
Weed Control 
In fairway weed control, weeds can be grouped into 
cool- and warm-season categories and further subdivided 
into broadleaf species and weedy grasses. The principal 
cool-season weed in fairways is annual bluegrass (Poa 
annua L.) which falls into the weedy grass category. 
Management practices that provide a dense, tight-knit 
bermudagrass going into the fall will help to fight the 
invasion of Poa annuu. On courses where Poa annua 
is already a problem, several preemergence-type herbi- 
cides may, if applied properly, eliminate annual bluegrass 
problems. A few of these materials are DCPA (Dacthal) , 
bensulide (Betasan, Pre-San, et cetera) , Kerb, benefin 
(Balan) and diphenamid (Dymid, Enide, et cetera). .. 
Another material used postemergent on Poa annua is 
chlorflurenol (Po-San). This herbicide is sprayed on 
- .  
the actively growing Poa annua before seed heads begin 
to form and should prohibit seed formations, thus reduc- 
ing next year's stand. The preemergent materials should 
be applied in the fall prior to the germination of Poa 
annua. 
Several warm-season grasses such as crabgrass, 
goosegrass and field sandbur (grassbur) may present 
problems in fairway turf. These are annual weedy 
grasses that may be controlled with the preemergence 
herbicides listed when they are applied in early spring. 
In the North Texas area, application should be made 
mended rates is essenti 
for effective weed control. 
April 15-30; in Central Texas, April 1-15; and in South 
Texas, March 15-31. Dallisgrass, a warm-season peren- 
nial, can be very troublesome in fairways but can be 
controlled by several applications in May and June of 
one of the organiz arsenical herbicides such as DSMA 
(Ansar 100, Dal-E-Rad, et cetera) or MSMA (Ansar 
529). 
Some of the broadleaf, cool-season weeds appearing 
in fairways are clover, chickweed, henbit, oxalis, di- 
chondra, dandelion and carpet burweed. Herbicides 
showing effectiveness in controlling these weed pests are 
2,4-D (amine formulation), dicamba (Banvel) , silvex 
and bromoxynil (Buctril) . These chemicals are also 
recommended for use in controlling many of the warm- 
season broadleaf weeds such as purslane, pigweed, mat 
chafflower, matchweed, horse purslane, spurge and eve- 
ning primrose. In controlling these broadleaf weeds, 
the herbicides are more effective when applied to young 
weeds. Application certainly should be made before 
flowering begins. 
I t  is suggested that all herbicides be applied using 
calibrated equipment and at the manufacturer's recom- 
mended rate. When applied properly, most herbicides 
will do a good job of weed control without injury to the 
turf; however, if improperly applied, most of these 
chemicals will cause serious damage to the desired turf 
species. 
Tees 
Golf course tees are probably second only to greens 
in required management intensity. Tee boxes undergo 
a tremendous amount of wear throughout the year from 
traffic and divots. In many instances, tees are so small 
or narrow that space limitations often hinder their main- 
tenance. A satisfactory tee box should be level and 
firm for making golf shots and of sufficient size to allow 
tee markers to be moved regularly. There are no set 
standards which fix the size of tees on golf courses. 
Consequently, tee boxes may range from several hun- 
dred to several thousand square feet in size. In general, 
as player traffic increases so should tee size. For in- 
stance, one formula suggests that Par 4 or 5 holes need 
100 square feet of tee space and Par 3 holes require 
200 square feet of tee space for every 1,000 rounds of 
golf played on that course per year. The formula re- 
quires one to project a "rounds-per-year" figure or start 
Adequate and well-deslgned teeing areas slmplify the rna~ntenance 
of golf holes. 
with average size tees and increase their size, if necessary, 
after player traffic has been established. When this ' 
formula is applied to courses throughout the State, man! 
tees are greatly undersized. 
Irrigation 
Irrigation is essential to insure maximum gro~in: 
conditions under which injured grass may recover more 
quickly. Again, irrigation frequency will depend largplt 
upon the moisture holding capacity of the material of 
which the tees are constructed. Tees never should be al. 
lowed to dry out to the extent that it is difficult to force 
the golf tee into the ground. Water should be applied q o  
as to allow maximum time between irrigation and pla!er 
use. Wet tees under player traffic will increase compac. 
tion problems and provide unsure footing for the golfer. 
Mowing 
Mowing should be scheduled three or four timer 
weekly in order to maintain a smooth, close-knit turf. 
Mowing height on bermudagrass tees may vary from 
1/4 to 1/2 inch, depending upon grass variety and fre 
quency of cut. As the texture of the varieties becomes 
finer and the frequency of cut increases, the mo~in: 
height can (and probably should) decrease. Regardleqq 
of the height chosen, the grass on tees should always be 
clipped so that the ball will be above the grass without 
being teed too high. Mowing should be done with a 
precision reel-type mower, preferably one of the 3-unit 
riding models. The 5- and 7-gang fairway units are not 
normally used for mowing tees. 
Aerification 
Due to the small size of many tees and the heal! 
concentration of traffic in this area, the problems of 
compaction may show up in a relatively short time. 
Aerification will help to correct many of these problems. 
Tees should be aerified two or more times during the 
, year depending upon amount of traffic and the soil type Overseeding 
out  of which the tees are constructed. Aerification will Overseeding tees is a standard practice on many of 
/ also enhance moisture penetration if excessive runoff the courses throughout the State. Aerification of the 
is a problem. tee to be overseeded should be scheduled at least 1 month 
prior to overseeding. Preparation of the tee prior to Fertilization 
overseeding ranges from no treatment to the extensive 
Fertilization of tees may follow the schedule on techniques used in overseeding greens. F~~ maximum 
'ither greens Or largely On whether cover and quality on overseeded winter tees, the tee 
or not clippings are If are removed boxes should be verticut or close mowed, spiked, seeded 
from tees, a fertilization program similar to the one used and topdressed, in that order. suggested seeding rates 
on greens should be If the fertiliza- for coo~~season grasses used on tees are given in Table 3. 
tiori program is used on tees, the total N applied should 
he inrreased by about 2 pounds during the growing 
qeason. This would increase the rate of vegetative growth 
and likewise the recovery of injured grass on tees. If 
t e ~ s  are to be overseeded, an additional 5 pounds of 
actual N should be applied during the winter at a rate 
of approximately 1 pound per month. Factors which 
might affect fertilization rates on tees are mowing and 
irr i~al ion frequency-heavy rates of fertilizer would not 
he applied to tees mowed only once per week. 
TABLE 3. SUGGESTED SEEDING RATES FOR 'OVERSEEDING TEES 
Grass lb./ 1,000 ft2 
Ryegrasses' 
Kentucky bluegrasses 
Poa trivialis 
Fescues 
Bentgrasses 
'~ye~rasses  are used for overseeding tees. 
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